Application of drug substances to the skin for systemic absorption or action in a particular layer of the skin is a rather old approach. However, over the last years it has received much more attention, as a consequence of the development of new membrane-moderated and matrix reservoir devices. As new reservoir systems, solid lipid nanoparticles (SLN TM) and nanostructured lipid carriers (NLC TM) have been successfully tested for derreal application of different physicochemical substances. The knowledge obtained from theological investigations of these systems may be highly useful for the characterization of the newly developed topical formulation. In the present study, an oscillation frequency sweep test was used for the evaluation of storage modulus (G'), loss modulus (G"), and complex viscosity ('q*) of twelve different SLN and NLC formulations, over a frequency range from 0 to 10 Hz. The lipidic aqueous dispersions were prepared using three different solid lipids (Softisan©138, Compritol©888, and stearyl alcohol) as matrix material. Miglyol©812, tocopherol, sunflower oil, and long-chain triacylglycerols were the chosen liquid lipids for NLC preparation. The objective of the present work was to investigate the effect of these different liquid lipids on the rheological properties of aqueous dispersions of NLC as model systems. It was found that the liquid oil component of the formulation has a strong influence on the viscoelastic parameters, which are dependent on the particle size, zeta potential, and crystallinity of the lipid particles, as well as on the solid lipid used.
INTRODUCTION
The skin is the largest organ of the body, considered as a natural protective barrier against either the penetration of dangerous exogenous compounds or the loss of excessive amounts of water and other essential compounds from the body. At the same time, it can also be a promising portal of entry of active substances to the systemic circulation. A drug penetrates the stratum corneum and eventually it diffuses across the viable underlying tissues, according to its physicochemical properties (1).
The aim of the present study was to characterize the rheological behavior of different SLN and NLC aqueous dispersions in order to elucidate the viscoelastic improving effects of these new drug vehicles for skin application.
MATERIALS
Softisan © 138 was purchased from Condea (Witten, Germany), Miglyol©812 from Caelo (Hilden, Germany), and Compritol©888 and Tego Care©450 from Gattefoss• (Weil a.R., Germany). Lutrol©F68 was a gift from BASF AG (Ludwigshafen, Germany), and sunflower oil and deoxycholic acid sodium salt were obtained from Fluka Chemie AG (Steinhelm, Switzerland). Long-chain triacylglycerols (LCT) were purchased from Braun (Melsungen, Germany) and tocopherol from Sigma Aldrich (Deisenhofen, Germany). All samples developed for this study were prepared using ultra-pure Millipore water (Schwalbach, Germany) of specific resistance greater than 18 Mll-cm 1 the viscous and elastic behavior of the investigated systems and the network structure formed by particle-particle interactions, an oscillation frequency sweep test has to be performed (13).
When performing oscillation measurements, first the linear viscoelastic region has to be determined by a stress sweep at a constant frequency. The linear viscoelastic region is the range of stress over which G* is independent of the applied stress. Over this linear region the structure of the dispersion remains intact. The stress sweep test is a dynamic test in which the complex modulus G* is measured as a function of stress at a constant frequency. Being in the viscoelastic region for all tested formulations, 5 Pa was chosen as the stress amplitude in the following studies. The shape of the material function curves reveals structural characteristics of the system. Therefore, in the present work this test was performed over a frequency range from 0 to 10 Hz. ment of a three-dimensional structure more difficult to disperse due to the possible formation of aggregates. Another possible explanation is the higher mean particle size of the stearyl alcohol-based nanoparticles in comparison to the other developed formulations.
CONCLUSIONS
Although much of the qualitative information about a material can be obtained by simply observing how a sample behaves when handled, the determination of the rheo-logical properties of a dermatological formulation is extremely important. These studies allow (i) the evaluation of a the capability of a vehicle to suspend solids or immiscible liquids; (ii) the assessment of a topical formulation with respect to patient usage, e.g., the ease of removing the preparation from a container or spreadability and adherence to the skin; and (iii) the monitoring of the effect of the vehicle's consistency on the release of a drug from the preparation and its subsequent percutaneous absorption (bioavailability of the drug substance).
The determination of G', G", and qq* as a function of the applied frequency, using an oscillation frequency sweep test, gives important information concerning topical administration. According to the obtained results, for Compritol©888 as a solid lipid for NLC preparation, sunflower oil seems to be the oil that presents the best attributes for a topical formulation, i.e., more elastic behavior and a higher viscosity. With regard to stearyl alcohol, tocopherol shows the best results. The presence of a more compact and organized system can have a significant beneficial effect on the stability and on the viscoelactic properties of particulate aqueous dispersions and, therefore, on the topical administration of drug substances.
